CASE PRESENTATION
In June 2000, a 3-year-old Hispanic girl was referred for hospital admission with symptoms of progressive weight loss, limping, ataxia, irritability, "screaming," and regression in speech capability. She had a history of flu-like symptoms, weight loss, and progressive neurologic symptoms, especially ataxia, for about 6 months. There was no known exposure to heavy metals. On initial exam, the patient was tachycardic and hypertensive. She was thin, ataxic, mute, and hypotonic and was drooling from the left side of the mouth. She had a tremor while awake that disappeared during sleep. There was no rash or gum swelling. Initial imaging and laboratory tests included computed tomography and magnetic resonance imaging of the brain; electroencephalogram (EEG); ultrasound of the abdomen; chest x-ray; upper gastrointestinal series with small bowel follow-through; cultures of blood, urine, and spinal fluid; complete blood count; chemistry profile; urinalysis; erythrocyte sedimentation rate; and blood levels for heavy metals. The EEG revealed mild background slowing and disorganization, but no epileptiform activity. The other tests listed above were normal with the exception of the blood mercury level, which was 295 mcg/L. In adults, levels less than 10 mcg/L are expected in unexposed persons and levels of 50 mcg/L or greater are considered toxic. 1 Consequently, a nephrologist, social services, the regional poison center, the regional pediatric environmental health unit, and the health department were consulted.
After collection of a 24-hour urine sample for mercury, the patient began oral chelation therapy with DMSA (meso-2,3-dimercaptosuccinic acid) as an inpatient. The other household members were asymptomatic but underwent heavy metal screening tests to rule out occult mercury exposure. The results of this and subsequent 24-hour urine collections for all the household members are listed in Table 1 . The household members relocated to a nearby Ronald McDonald House. The Regional Poison Center recommended chelation therapy for all.
The laboratory reported the initial results in mcg/24-hour sample and subsequent results in mcg/L. In adults, levels less than 20 mcg/24-hour sample or less than 20 mcg/L generally are expected in unexposed persons. Note that mercury levels do not correlate with symptoms. In this case, the 3-year-old was the most sensitive to mercury exposure, as she was the only one with health complaints.
One week after completion of chelation in August 2000, the 24-hour urine collections were repeated. The patient and household members received two more rounds of chelation therapy with DMSA between August and November of 2000 for persistently elevated mercury levels (see Table 1 ). The patient gradually improved over 4 months, after which all signs and symptoms of toxicity had resolved. Neither the patient nor her household members had neuropsychiatric testing.
Physicians, public health officials, and consultants involved in the case pursued an environmental investigation to discover the source of mercury exposure. After tests revealed high levels of mercury, the patient's mother found a plastic container of elemental mercury in a closet at her home. She did not know when or how the mercury spilled on the carpet. The family (i.e., the household members who were living together) had moved into the mobile home in October 1999. It was speculated that the mercury was spilled when the previous tenants moved out. The children initially denied playing with the mercury, but one of the boys later admitted that he might have spilled some on the carpet. The family moved in with a relative after leaving the Ronald McDonald House, and they arranged for decontamination of the property. They returned to the home in late July 2000 after it was decontaminated.
DISCUSSION

Identification of mercury poisoning
Mercury occurs in three forms: the metallic element, organic compounds, and inorganic salts. Each form has characteristic pathways of exposure and unique clinical features. The present case report involved exposure to elemental mercury (Hg 0 ). Elemental mercury is the only metal that is liquid at room temperature. It exerts a significant vapor pressure. 1 When inhaled, elemental mercury vapor is nearly completely absorbed across the alveolar membrane, with a resulting retention of 75-80%. 2 Infants and young children are at particularly high risk of exposure to mercury vapor because they tend to play near the ground, where this heavier-than-air vapor settles. 3 Pediatric patients also have higher minute ventilation, which is detrimental for most inhalation exposures. The lowest level of mercury that presents a health hazard to children is unknown, as research studies in this area would pose an ethical challenge. Ingestion of elemental mercury presents virtually no risk because it is poorly absorbed from the gastrointestinal tract. Sources of elemental mercury include silver smelting, 4 gold ore processing, 5 amalgam smelting, 6 and folkloric remedies.
The effects of elemental mercury exposure vary depending on the duration and degree of exposure. Acute, highdose exposures to elemental mercury may result in corrosive bronchitis and interstitial pneumonitis, often leading to death from pulmonary failure 24 to 48 hours after exposure. 7 The case report in this article provides an example of chronic elemental mercury intoxication from improper handling in the home. Neurological and psychological symptoms predominate following this type of exposure, although renal toxicity also may occur. "Erethism" is a term that relates to the syndrome of anxiety, emotional lability, irritability, forgetfulness, insomnia, anorexia, weight loss, timidity, and delirium. Erethism and tremor occurred in 19th-century workers exposed to mercury vapors in the felt hat industry, giving rise to the epithet "mad hatter" or "mad hatter's disease." 8 The patient in this case exhibited many signs of erethism. Another common physical examination finding associated with chronic elemental mercury exposure is the mercurial tremor, which is described as a central intention tremor that is abolished during sleep. 2 Hypertension and tachycardia also have been reported in mercury-poisoned patients. 9 The patient in this case exhibited the typical mercurial tremor and also was tachycardic and hypertensive.
Other neurologic symptoms may include a mixed sensorimotor neuropathy, ataxia, concentric constriction of visual fields (tunnel vision), and anosmia. Severe salivation and gingivitis may occur as well. The triad of increased excitability, tremors, and gingivitis particularly is suggestive of chronic exposure to elemental mercury vapor. 7 The long-term consequences of elemental mercury exposure are uncertain; however, prompt removal from the toxic environment and proper medical treatment may result in complete resolution of neuropsychiatric abnormalities. 10 Elemental mercury vapors or mercurial salts in powders and ointments may lead to acrodynia, or pink disease, in children. Acrodynia does not occur in adults and usually does not occur in children exposed to mercury. This disease is characterized by an erythematous, edematous, hyperkeratotic induration of the palms, soles, and face and a pink, papular rash. The symptom complex also includes excessive sweating, tachycardia, irritability, anorexia, photophobia, insomnia, tremors, parasthesias, decreased deep tendon reflexes, and weakness. An idiosyncratic hypersensitivity to mercury is thought to be the underlying pathophysiology. The prognosis is favorable following withdrawal from mercury exposure. 2 The child described in the present case did not have acrodynia, as she did not have the typical skin manifestations.
In addition to relevant symptoms and a suggestive history, mercury level measurements are essential in the diagnosis of mercury poisoning. Several aspects of mercury's absorption, distribution, and excretion may make levels difficult to interpret. Because mercury has a short halflife in blood (3 days), blood analysis is typically performed only shortly after an acute exposure. 11 All three forms of mercury (elemental, organic, and inorganic) can be detected in blood after an acute exposure, although the absorption and distribution to body tissues varies with the form. In contrast, urine is the best biologic specimen when chronic inorganic mercury exposure is suspected. 11 Organic mercury is not detected appreciably in Because mercury has a short half-life in blood (3 days), blood analysis is typically performed only shortly after an acute exposure.
urine because it is excreted through the biliary system and feces. 12 The optimal sample for detecting inorganic mercury is a 24-hour urine collection, but improper collection and storage of the specimen may skew the results. The spot urine specimen can provide a close approximation of a 24-hour collection, particularly if it is adjusted for the concentration of the urine using specific gravity or the amount of creatinine present. 11 In addition, the spot urine has the practical advantage of easy collection, which may prevent collection and storage problems encountered with the 24-hour specimen.
Prevention of mercury poisoning
Human use of mercury dates to 1100 B.C., when the Chinese first mined "cinnabar" or mercury sulfide. In the past 3000 years, mercury has been used in such diverse fields as manufacturing, medicine, dentistry, and agriculture. A review of recent cases of mercury poisoning reveals the diverse ways in which mercury is used today and suggests ways to prevent mercury poisoning from occurring.
In certain Afro-Caribbean and Latino cultures, elemental mercury is believed to have spiritual and magical powers. 1 In one case report, a child played with a 6-ounce vial of mercury intended for preparing amulets for practitioners of the Afro-Caribbean religion Santeria. 3 He and his eight siblings were treated with chelation therapy for elevated urine mercury levels, although no mercury-related symptoms developed in the children. Another case report describes mercury vapor poisoning as a result of home gold ore processing. 13 This processing involved heating a large pot of elemental mercury on the kitchen stove. Tragically, a 13-month-old infant and his 38-year-old mother died of pulmonary failure as a result of acute mercury vapor intoxication. In addition, approximately 30 percent of interior latex paint manufactured before 1990 contained mercury compounds to prevent bacterial and fungal growth. The EPA banned mercury from interior latex paint on August 20, 1990, but consumers still have not disposed of all the mercury-containing paint. This type of paint has caused acrodynia in a child and elevated urine mercury in a large number of families. 14 Better consumer education might have prevented mercury poisoning in the above cases. For instance, mercury-containing paint should have the appropriate hazards and precautions clearly printed on the product label. Poison centers also may enhance mercury awareness among school-age children through their school-based education programs.
Mercury exposure also can occur when industry improperly disposes of mercury waste products. For instance, a five-story building in New Jersey previously used for industrial operations was converted into a condominium containing 17 residential units. 15 During renovation, one of the residents observed standing pools of mer-cury in the subflooring of the unit, and another resident reported finding drops of mercury on the countertops. Many of the building's residents had elevated urine mercury levels, although none exhibited symptoms of mercury intoxication. Another incident in Texarkana, Texas, involved several teenagers playing with elemental mercury left in an abandoned storage building. Although the teenagers survived the incident without any long-term neurologic sequelae, the cost for medical treatment and remediation of several buildings was substantial. 16 These cases might have been prevented if regulations regarding proper disposal of mercury had been enforced.
THE ENVIRONMENTAL INVESTIGATION: RESOURCES AND BARRIERS
In the United States, the local health department is the primary resource for conducting an environmental investigation to determine the source of mercury. This agency also is in charge of conducting an epidemiological investigation to determine who else is at risk for mercury poisoning. Most government agencies provide contact information on their Web pages. For instance, the URL for the Texas Department of Health is www.tdh.state.tx.us. In some areas, the local health department may not have the resources to conduct such an investigation, particularly for relatively rare problems such as mercury poisoning. In such cases, regional offices of federal agencies such as the Agency for Toxic Substances and Disease Registry (www.atsdr.cdc.gov) and In the present case report, the family encountered many barriers to completing the environmental investigation. The family lived in a mobile home in a rural area and spoke only Spanish. Their local health department, unable to conduct a mercury investigation, referred them to a larger health department in a nearby major metropolitan area. The industrial hygienist handling the case had great difficulty contacting the family, and it took 3 months for him to visit the contaminated home. By this time, the family had done their own remediation using the local fire department, local HazMat team, and some colorimetric mercury badges. The local HazMat team removed household items likely to be contaminated, such as the carpet, couch, and chairs. They cleaned the house several times with soap and water, and the family discarded many potentially contaminated personal items from the house. (There still was no explanation as to why the patient's mother found a plastic dish with mercury in the closet.)
The local HazMat team placed colorimetric mercury badges in the house 2 days after the remediation effort, and no mercury was detected in the indoor air. The family then moved back into the home. However, the colorimetric badges are not as sensitive as the Jerome Model 411 instrument used by the health department to detect mercury. When the industrial hygienist from the health department finally visited the home after the family had moved back in, he detected mildly elevated mercury levels (.009-.017 mg/M 3 ) and recommended cleaning, ventilating, and painting the floor of the home immediately. Whether the family followed his suggestions is unknown. Inadequate remediation could be the reason for the family's persistently elevated urine mercury levels following chelation (see Table 1 ).
The language and cultural barriers encountered by the patient are difficult to overcome. Ideally, health care professionals should reflect the ethnic distribution of the communities they serve. Health departments may need more bilingual and bicultural employees to interact with the Hispanic population. Health care providers who are not bilingual need to have access to translators and Spanish-language questionnaire forms if they serve Spanish-speaking patients. Language barriers probably played a major role in the delays encountered in the present case. Furthermore, the family may have had some misunderstanding or fear of the health department as a government agency. If the primary care provider had recognized mercury poisoning earlier and if the health department had inspected the home sooner, much of the morbidity and expense in this case potentially could have been avoided.
CONCLUSION
The patient in the case described here suffered for months because of lack of education about mercury toxicity, delayed recognition of mercury poisoning by her physician, and difficulty gaining access to resources. Her illness could have been prevented at several levels. First, we as a society should limit the availability of mercury on the market and carefully regulate mercury disposal. Second, the community should be educated regarding the hazards of mercury. Children should be taught to recognize mercury and advised not to play with this curious metal. Parents should know not to vacuum a mercury spill, which further disperses the mercury. Parents in particular should be aware that mercury in a thermometer is harmless if swallowed. In contrast, mercury in contami-nated fish can be dangerous, especially to the unborn. Third, health care providers should take a careful environmental history, especially when the etiology of an illness is unclear. The history should include questions about the patient's home environment, the patient's activities, occupations of the patient and family members, the ethnic background of the family, and the patient's diet for potential exposure to mercury in any of its forms. Finally, the health department should be quick to respond to these incidents and tap into federal resources when needed. Many cases of mercury poisoning could be prevented through regulatory measures, proper education of physicians and the public, and responsiveness of the public health department to patients of various cultures and socioeconomic backgrounds in rural as well as urban areas.
